Design and user evaluation of a mobile app to teach Chinese characters. by Rosell-Aguilar, Fernando & Kan, Qian
Open Research Online
The Open University’s repository of research publications
and other research outputs




Rosell-Aguilar, Fernando and Kan, Qian (2016). Design and user evaluation of a mobile app to teach Chinese
characters. In: Palalas, Agnieszka and Ally, Mohamed eds. The International Handbook of Mobile-Assisted Language
Learning. Beijing: China Central Radio & TV University Press, pp. 399–434.
For guidance on citations see FAQs.
c© 2016 China Central Radio TV University Press Co., Ltd.
Version: Version of Record
Link(s) to article on publisher’s website:
http://www.crtvup.com.cn/zyxz/dj.asp?id=9
Copyright and Moral Rights for the articles on this site are retained by the individual authors and/or other copyright










*+,-.+"/0$#/#$-$%0-;'0+ 0+$/$("6'6,."2($-,6% /#,%.,/2$-"%( 0+$
.+"2$%6$-4".$( (3#,%60+$ ($<$2'/)$%0'4")';,2$"//" =3*$#%#
=3','2-#,%L*,%-E-#8%" 0'-3//'#0#$.'6%,-,%6" 2$"#%,%6"%( /#".0,-,%6
7#,0,%6E+,%$-$.+"#".0$#-"0;$6,%%$#->2$<$2" ,%.23(,%60+$(,4,.320
;"2"%.$;$07$$% /$("6'65"%( 0$.+%,."2"4'#("%.$-?&$"2-'/#$-$%00+$




2$"#%,%6E+,%$-$" /"0$#%-'42$"#%,%6" $1/$.0"0,'%-'40+$"//" "%(
$<"23"0,'% '40+$(,4$#$%04$"03#$-4'#0+$,#'7% /$#-'%"22$"#%,%6?:,%"25"
0+$/"/$#.'%.23($-0+"00+$.+'-$% ($-,6% /#,%.,/2$-4'#0+$"// 7$#$
"//#'/#,"0$4'#,0-/3#/'-$?








&+$% 0+$4,#-06$%$#"0,'% ,U+'%$7"-,%0#'(3.$( ,% MNNO" 4$7.'32(
+"<$/#$(,.0$( 0+$,)/".0,07'32( +"<$'% $(3."0,'%?A-B'(7,%8X'%$-
#MNPP% /',%0-'30" 0+$,U+'%$7"-"6")$8.+"%6$#%'0'%25,% 0$#)-'4,0-
43%.0,'%"2,0,$-" ;30;$."3-$'0+$#.')/$0,0'#-4'2'7$( "%( .#$"0$( -,),2"#
($<,.$-?T,%.$0+$%" "%( 7,0+ 0+$"((,0,'% '40+$,U"( h,%0#'(3.$( ,%
MNPN h"%( -,),2"#($<,.$-" 0+$#$+"-;$$% "/#'2,4$#"0,'% ,% 0+$/'/32"#,05
"%( '7%$#-+,/ '4-)"#0/+'%$-"%( 0";2$0-0+"0."% ."#5'30"2"#6$<"#,$05'4
$(3."0,'%"2".0,<,0,$-7,0+,% "-,%62$($<,.$?A20+'36+ 0+$($<,.$-"#$.2$"#25
%$.$--"#54'#0+,-0'+"//$%" 0+$'0+$#/,2"#'40+,-#$<'230,'% ,% )';,2$
2$"#%,%6,-0+$"<",2";,2,05'40+$"//-($<$2'/$( 0';$3-$( 7,0+ 0+$)?
A--''% "-0+$-$"//-7$#$#$2$"-$(" $(3."0'#-;$6"% 0'-$$0+$
/'0$%0,"24'#0$".+,%63-,%6-3.+ ($<,.$-" ,%.23(,%63;,C3,0'3-2$"#%,%6






0+$'#5'% 0+$3-$'4)';,2$"//-4'#2"%63"6$2$"#%,%6" "%( 0+$$<,($%.$
4'3%( -'4"#,% #$-$"#.+ -03(,$-";'300+$,#$4,.".54'#0$".+,%6"%( 2$"#%,%6
E+,%$-$?
!"#5&0*&,.-8&#'0+0* !"+0&,&
D0,-7$2$-0";2,-+$( ,% 0+$#$-$"#.+ '40$".+,%6E+,%$-$"-"4'#$,6%
2"%63"6$#E:G% 0+"0" (3$0',0-3%,C3$4$"03#$-" ,0/#$-$%0-0+$4'2'7,%6
9$5.+"2$%6$-0'2"%63"6$0$".+$#-"%( 2$"#%$#-!P% 0'%$-$ M% .+"#".0$#
#$.'6%,0,'% "%( 7#,0,%6$ Q% 2".9 '4';<,'3-.'#$-/'%($%.$;$07$$% 0+$
&BBF&
!"#$%&'(E! A&,+*0#0<V,&'JB#5/#%+.0.-# 6.?+5&7$$%. 1&#2"!"+0&,&!"#'#2%&',
J JJ
.+"#".0$#-.#,/0"%( 0+$-'3%( #Z3" MNPN$ G,"%6L<"% Z$3<$%" MNNO$
&"%6L!,#9/"0#,.9" MNPM%?*'%$-"%( .+"#".0$#-"#$07''40+$;,66$-0
+3#(2$-"0;$6,%%$#->2$<$2#G,"%6L<"% Z$3<$%" MNNO$ X'%6)"% $0"2K"
MNN\$ Z3" MNPN$ i,"'" MNPN %?a'0'%25"#$0+$#$0'')"%5-,),2"#
-'3%(,%67'#(-,% E+,%$-$#Gu" E" MNPN%" ;30"2-')"%57'#(--'3%(
$1".0250+$-")$#7,0+ 0+$-")$-52";2$-"%( -")$0'%$-% ;30)$"%
(,4$#$%00+,%6-"%( +"<$(,4$#$%0.+"#".0$##$/#$-$%0"0,'%-?G$"#%,%6
.+"#".0$#-,-.#3.,"2,% )$"%,%6,($%0,4,."0,'%?Z'7$<$#" .+"#".0$#-"#$




.+"#".0$#-% "%( .+"#".0$#-?D% 0+,-/#'.$--" 0+$5%$$( 0'('4'3#)"//,%6-














,% 0+$=%62,-+ 7'#( ')".+,%$($',(











,% 0+$=%62,-+ 7'#( ')".+,%$($',(







,% 0+$=%62,-+ 7'#( ')".+,%$($',(








A20+'36+ 0+$#$+"-;$$% $10$%-,<$#$-$"#.+ 2''9,%6,%0'.+"#".0$#
2$"#%,%6-0#"0$6,$-#!$" PWW_$ G3" MNNW$ d,%" MNNQ% "-7$2"-,--3$-
.'%.$#%,%60'%$/#'(3.0,'% "%( #$.'6%,0,'% #G,"%6L<"% Z$3<$%" MNNO$






($<,.$-"-7$2"-)';,2$"//-4'#2"%63"6$2$"#%,%6" ;"-$( '% 0+$
0+$'#$0,."2/#,%.,/2$-"%( $<,($%.$4#')0+$4,$2( '4)';,2$8"--,-0$( 2"%63"6$
2$"#%,%6#H3#-0'%" MNPR$B'(7,%8X'%$-" MNPP$B'2'%9"$0"2K" MNPM$!,)
L!7'%" MNPM$ !,)" MNPQ$ G"4'#(" MNPP$ G5-" MNPQ$ T+,%"6"7""
MNPM$ T7$$%$5L F''#$" MNPM$ d"%6L i,$" MNPQ %?*+,-/'0$%0,"2
($#,<$-4#')4$"03#$--3.+ "-2"#6$#-.#$$% -,I$" #$-/'%-,<$0'3.+ -.#$$%"
$%+"%.$( 0$108$%0#5" +,6+8C3"2,05"3(,'"%( <,($'/2"5;".9" /,.03#$" <,($'
"%( "3(,'#$.'#(,%6"%( $(,0,%6" <',.$#$.'6%,0,'%" $%2"#6$( -0'#"6$" 4"-0$#
.'%%$.0,<,05" BUT" "..$2$#')$0$#-"%( H23$0''0+ .'%%$.0,'%-#B'(7,%8
X'%$-" MNPP%" "27,0+,% '%$($<,.$?
E#,0,.,-)-'40+$($-,6% '42"%63"6$2$"#%,%6"//-,%.23($0'')"%5
0#"%-2"0,'%-" 2".9 '4-'3%( '#/,.03#$-" /''#%"<,6"0,'% "%( 3-$#8,%0$#4".$
($-,6%" "%( 2,02$3-$'40+$3%,C3$/#'/$#0,$-'4-)"#0/+'%$--3.+ "-0+$
)'0,'% -$%-'#" 2'."0,'% ($0$.0'#" "%(" ,% /"#0,.32"#" .'%%$.0,<,057,0+ '0+$#
3-$#-#B'(7,%8X'%$-" MNPP$ T7$$%$5LF''#$" MNPM$ H3#-0'%" MNPR%?
H3#-0'% #MNPR% 4'3%( 0+"02"%63"6$2$"#%,%6".0,<,0,$-'% )';,2$"//-+"<$
)'-025#$/2,."0$( 7+"0+"( ;$$% ('%$;$4'#$7,0+ '0+$#0$.+%'2'6,$-"%(
2,),0$( 0';"-,.42"-+."#(-" )320,/2$.+',.$" ;2"%9 4,2,%6" (#"6"%( (#'/
"%( <'.";32"#5"%( 6#"))"#(#,2-"%( 6")$-?Z$.'%.23($( 0+"0
&CBF&
!"#$%&'(E! A&,+*0#0<V,&'JB#5/#%+.0.-# 6.?+5&7$$%. 1&#2"!"+0&,&!"#'#2%&',
J JJ
'/$("6'6,."25" %'0+,%6%$7+"-;$$% ('%$7,0+ -)"#0/+'%$-0+"0+"-%'0
"2#$"(5;$$% ('%$7,0+ $"#2,$#)';,2$($<,.$-( #H3#-0'%" MNPR" /?PN_%?
D% 0+$,##$<,$7'42"%63"6$2$"#%,%6)';,2$"//-" !,)"%( !7'% #MNPM%
+,6+2,6+0$( 0+"0)'-0"//-4'.3-'% .'6%,0,<$/#'.$--$-##$.'6%,0,'%" #$."2
"%( .')/#$+$%-,'% % "%( #$.$/0,<$2"%63"6$-9,2-#"0+$#0+"% -'.,'8
.'6%,0,<$".0,<,0,$-" 7,0+ 2,02$.'2";'#"0,<$2$"#%,%6$ 0+$5"2-'4'3%( 0+$
".0,<,0,$-%'0"-7$2($<$2'/$( "-0+$5.'32( ;$"%( )'-0250$".+$#8
(,#$.0$(" 7,0+ 4'.3-2"#6$25'% <'.";32"#5?
LI+<*,'*/0!JJ.#*0/%5-+,*#*3&,4)&4*3*&%,+,4
A20+'36+ -')$$(3."0'#-"%( -03($%0-"#$C3,.9 0'"('/0%$7
0$.+%'2'6,$-,%0'0+$,#0$".+,%6"%( 2$"#%,%6" ,0,-%$.$--"#50'$<"23"0$0+$
#$"2/'0$%0,"2'40+$0''2-?
A-B'2'%9"$0"2?# MNPR % .'#$.025/',%0'30" ',% -/,0$'4"%
";3%("%.$'4/3;2,."0,'%-"<",2";2$'% 0+$0'/,.'40$.+%'2'653-$,% :G
2$"#%,%6"%( 0$".+,%6" $<,($%.$'4$4,.".5,-2,),0$(( #/?ON%?T03(,$-'%
0+$3-$'4)';,2$"//-4'#E+,%$-$2"%63"6$2$"#%,%6"#$-."#.$?T+,%"6"7"
#MNPM % ($-.#,;$( -')$'40+$;$%$4,0-0+"0)';,2$"//-."% ;#,%60'
2$"#%,%6%'%87$-0$#% .+"#".0$#-?*+$-$,%.23($0+$,U+'%$>-'7% E+,%$-$
+"%(7#,0,%6#$.'6%,0,'% 43%.0,'%" (,.0,'%"#,$-" "%( C3,II$-?A)'%60+$
"0$)/0-0'4,%( $<,($%.$'4E+,%$-$2$"#%,%67,0+ "//-" &'%6$0"2?
#MNPN% ."#,$( '30"#$-$"#.+ -03(5,% T,%6"/'#$" /#'<,(,%60+$,#-03($%0-
7,0+ -)"#0/+'%$-0'/+'0';2'6E+,%$-$,(,')-"%( -3;-$C3$%025;"-$
.'2";'#"0,<$".0,<,0,$-"#'3%( 0+$)?*+$5$%.'3%0$#$( <"#,$( 2$<$2-'4
/"#0,.,/"0,'% # /"#025 (3$0' /"#$%0"2%$6"0,<,050'7"#(-0+$ 3-$'4
-)"#0/+'%$-;5-.+''2.+,2(#$%% "-7$2"-0$.+%,."2/#';2$)-?V$-/,0$
0+,-" 0+$,#-03($%0-#$/'#0$( )'#$$%6"6$)$%07,0+ E+,%$-$,(,')-8"20+'36+
/'-08-03(5/$#4'#)"%.$7"-%'00$-0$(?d"%6"%( i,$ # MNPQ % "2-'









7$$9-" 0+$#$."2+"( 4"2$% 0'RN!?
A-(,-.3--$( ,%";'<$" .+"#".0$##$.'6%,0,'% "%( 7#,0,%6/#$-$%0"
.+"2$%6$4'#2$"#%$#-'4E+,%$-$"-"4'#$,6% 2"%63"6$?*$.+%'2'65."%
4".,2,0"0$0+$,#2$"#%,%6'#/#'<,($)$0+'(-0'+$2/ '<$#.')$0+$%$$( 0'
+"%(7#,0$0+$)#G",LB3" MNPP%" ;30<$#54$7-03(,$-+"<$2''9$( ,%0'
7+$0+$#"%( +'7"//-."% -3//'#0.+"#".0$##$.'6%,0,'% "%( 7#,0,%6?Z3'
#MNPQ% 4'3%( 0+"0-0#'9$'#($#,--0,2#$2$<"%07+$% 2$"#%,%6E+,%$-$7,0+
0+$3-$'40$.+%'2'65" "%( .2",)$( 0+"0-0#'9$'#($#+$2/$( )$)'#,-$
.+"#".0$#-?H"-$( '% 0+$#$-$"#.+ -+$."#,$( '307,0+ 2$"#%$#-'4E+,%$-$"0
"gT 3%,<$#-,05" E+3%6#MNPQ% .2",)$( 0+"0/#".0,-,%6E+,%$-$.+"#".0$#-
7,0+ "% ,U"( +"( 2$( 0'0+$-03($%0-2$"#%,%6 ;"-,.-0#'9$'#($#"
4"),2,"#,-,%60+$)-$2<$-7,0+ -0#3.03#"2.')/'%$%0-'40+$.+"#".0$#-" "%(
6",%,%69%'72$(6$'40+$+,-0'#5"%( .3203#$;$+,%( 0+$7'#(-?Z$#-03($%0-
2,9$( 0+$43%"6")$82,9$4$"03#$-'43-,%60+$,U"( "%( 0+,-$%.'3#"6$( 0+$)
0'.'%0,%3$7,0+ 0+$".0,<,0,$-?T')$'4+$#-03($%0-.'))$%0$( '% 0+$$"-$
"%( .'%<$%,$%.$'43-,%6")';,2$($<,.$4'#2$"#%,%6" 4'#$1")/2$7+,2-0
.'))30,%6" "2'7,%60+$) 0')"9$0+$)'-0'40+$,#0,)$'30-,($0+$




g%,<$#-,05#Sg%" "g!8;"-$( (,-0"%.$2$"#%,%63%,<$#-,05" ,% a'<$);$#
MNNW?A-(,-0"%.$2$"#%$#-" '3#-03($%0-4".$"((,0,'%"2.+"2$%6$-0'0+'-$
)$%0,'%$( ";'<$" -3.+ "-2".9 '4/+5-,."2"%( <,-3"2/#$-$%.$'4030'#"%(
&FBF&
!"#$%&'(E! A&,+*0#0<V,&'JB#5/#%+.0.-# 6.?+5&7$$%. 1&#2"!"+0&,&!"#'#2%&',
J JJ
4$2'7-03($%0-#Z3#(" MNNc%$ 2".9 '4,))$(,"0$/$#-'%"24$$(;".9" "%(
2,),0$( 4".$80'84".$ -/$"9,%6 "%( ,%0$#".0,'% '//'#03%,0,$- # !"% L
F.E'#),.9" MNPR$ T0,.92$#LT+," MNPQ%?V3$0'0+$-$.+"2$%6$-" 0+$
;$6,%%$#->E+,%$-$.'3#-$0$")-$"#.+$( 4'#,%%'<"0,<$0''2-0'-3//'#00+$,#
-03($%0-,% )$$0,%60+$.+"2$%6$-'42$"#%,%60'%$-"%( .+"#".0$#-?
Z'7$<$#" ,% MNPP" 0+$#$7"-2,),0$( %3);$#'4"//-($-,6%$( 4'#E+,%$-$
.+"#".0$#2$"#%,%6?A)'%6-00+'-$,% 0+$)"#9$0"00+$0,)$" )'-0'40+$)
+"( 2$--0+"% cN #"%(')25-$2$.0$( .+"#".0$#-?*+$0$")7"-%'0";2$0'
,($%0,45"% "// 0+"07"-($-,6%$( 0'2$"#% .+"#".0$#-,% "/#'6#$--,<$"%(
/$#-'%"2,-$( )"%%$#?*'"((#$--0+,-"%( '0+$#-+'#0.'),%6-'40+$"//-"0
0+$0,)$" -3.+ "-'<$#8$)/+"-,-,%60+$43% $2$)$%0#-+'7,%60+$#",% (#'/-
7,0+ 0+$.+"#".0$#4'##",%% 7+,2-0%$62$.0,%6,%0$6#"0,%6(,4$#$%0"-/$.0-'4
2$"#%,%6.+"#".0$#-! /#'%'3%.,%6" 2,-0$%,%6" 7#,0,%6 "%( #$.'6%,-,%6




7,2+"<$"..$--0'#'#'7%% "-)"#0/+'%$'#0";2$00+"0."% #3% 0+$"//?
*+,--$.0,'% /#$-$%0-0+$/#,%.,/2$-;$+,%( 0+$"// ($-,6% "%( 0+$-0"6$-'4
/#'(3.0,'% 0+"00+$"// 7$%00+#'36+?
A&,+*0='+02+$5&,
T7$$%$5"%( F''#$#MNPM% -0"0$( 0+"00+$.#,0,."2-3..$--4".0'#-,%
0+$($-,6% '4"//-4'#2"%63"6$2$"#%,%6"#$/$("6'65"%( 0$.+%'2'65?*+$
/#,%.,/2$-;$+,%( '3#"// ($-,6% ,%.23($(!
!
H,0$8-,I$2$"#%,%6"%( )';,2,05






-.#$$% -,I$"%( ($<,.$-'40$% ;$,%63-$( '% 0+$)'<$" "-0+$5."% "2-'
)"1,),-$0+$%3);$#'42$"#%,%6-,03"0,'%-,% 7+,.+ 0+$#$-'3#.$."% ;$
3-$( #!'<"2.+,.9 LV"7-'%" MNNQ%?D% "((,0,'%" 0+$)';,2$2$"#%,%6
$1/$#,$%.$+"-;$$% ($-.#,;$( "-' +,6+254#"6)$%0$( ( #*#,4'%'<"L
['%.+$0," MNNQ% -,%.$,0-$"#25("5-" "%( ;$-0($-,6% -+'32( 0"9$0+,-,%0'
"..'3%0;5/#'<,(,%6".0,<,0,$-0+"0."% ;$.')/2$0$( ,% "-+'#0")'3%0'4
0,)$0')"9$3-$'4' ($"( 0,)$(?Z$%.$" $".+ 2,-0$%,%6"%( 2$"#%,%6
".0,<,05,% 0+$"// .'%-,-0-'4'%250$% )"0.+,%6C3$-0,'%-?
!
U#'6#$--,<$2$"#%,%6
*+$#$"#$"20'6$0+$#MN 2$--'%-7,0+ RNN m.+"#".0$#-,% 0+$"//" "%(
$".+ 2$--'% .'%-,-0-'4"% "<$#"6$MN .+"#".0$#-?A20+$.+"#".0$#-"#$
.'<$#$( ,% 0+$Sg;$6,%%$#->E+,%$-$.'3#-$" 7+,.+ "#$0+$)'-0.'))'%25
3-$( .+"#".0$#-"0;$6,%%$#->2$<$2?*+$MN 2$--'%-;3,2( 3/'% $".+ '0+$#,%
0+$-")$.+#'%'2'6,."2'#($#"-,% '3#.'3#-$)"0$#,"2--'0+$.+"#".0$#-
2$"#%0,% /#$<,'3-2$--'%-"#$3-$( 0';3,2( %$77'#(-,% 2"0$#2$--'%-?
!
D%0$6#"0,%67#,0,%6"2,-0$%,%6"#$"(,%6""%( <'.";32"#5;3,2(,%6
=".+ 2$--'% .'%-,-0-'44'3#-$.0,'%-! P% &#,0,%68";'30MN .+"#".0$#-
0+"02$"#%$#-."% 2$"#% 0'(#"77,0+ 0+$,#4,%6$#-3-,%60+$.'#$.0-0#'9$
'#($#,%(,."0$( '% 0+$-.#$$%" 0+$5."% "2-'+$"#+'70'/#'%'3%.$0+$)$
M% G,-0$%,%60$-082$"#%$#-+$"#0$% #"%(')25.+'-$% 7'#(-'#/+#"-$-" 0+$%
-$2$.00+$.'#$.0"%-7$#4#')0+$.+',.$-(,-/2"5$($ Q % [$"(,%60$-08
2$"#%$#--$$0$% #"%(')25.+'-$% 7'#(-'#/+#"-$-,% .+"#".0$#-" 0+$% -$2$.0
0+$.'#$.0"%-7$#4#')0+$.+',.$-(,-/2"5$($ "%( R% 7'#( -$"#.+8)'-0
2$--'%-+"<$07'7'#( -$"#.+ /3II2$-?=".+ /3II2$.'%-,-0-'4P\ .+"#".0$#-
0+"0."% 4'#)";'30$,6+07'#(-Y/+#"-$-#-$$:,63#$PR?P" ;$2'7" 4'#
&HBF&





=".+ 2,-0$%,%6"%( #$"(,%60$-0,-0,)$( "0\N -$.'%(-"-"($4"320"





















A20+'36+ %'0)3.+ #$-$"#.+ +"( ;$$% ('%$"00+$0,)$'% 0+$/'0$%0,"2
'43-,%6)';,2$($<,.$-,% 2"%63"6$2$"#%,%6" 0+$/#'@$.00$")4$200+"00+$
"4'#("%.$-'4-)"#0/+'%$-"%( 0";2$0-7,0+ 0'3.+ -.#$$% 7$#$,($"25-3,0$(
0'"2"%63"6$2,9$E+,%$-$?:'#0+$4,#-00,)$",07"-/'--,;2$0';#,%6%"0,<$
-/$"9$#/#'%3%.,"0,'%" -0#'9$8;58-0#'9$.+"#".0$#7#,0,%6" /,%5,%" =%62,-+
($4,%,0,'%-"%( ,%-0#3.0,'%-,% '%$,%0$#".0,<$)';,2$$1/$#,$%.$" ,%-0$"( '4
0+$0#"(,0,'%"27"5'4+"<,%6"0$10;''9" (,.0,'%"#5" "3(,'EV/2"5$#"%( "
%'0$;''9 0'7#,0$.+"#".0$#-?D07"-4$200+"00+,-,%0$6#"0$( -'230,'% ),6+0
;$0$#-3//'#0"%( $%6"6$2$"#%$#-,% )"9,%60+$4'3#)"//,%6-(,-.3--$(
$"#2,$#?






! b$#-,'% P #:$;#3"#5MNPN8T$/0$);$#MNPN%! 0+$"//
.'%0",%$( '%250+$4,#-0MN .+"#".0$#-,% 0+$.'3#-$)"0$#,"2-"%( ,0+"( 0+#$$
/"#0-! -0#'9$8;58-0#'9$.+"#".0$#7#,0,%6" 2,-0$%,%60$-0"%( #$"(,%60$-0?




! b$#-,'% M?N8b$#-,'% M?P #a'<$);$#MNPN8X325MNPP%!
"43#0+$#RNN .+"#".0$#-7$#$;3,207,0+ MN 2$--'%-#2$--'% P 4#$$"2$--'%-M8
MN "40$#"% 3/6#"($<,",%8"// /3#.+"-$%$ "%( "'7'#( -$"#.+( 0''27"-
"(($(?*+,-<$#-,'% 7$%02,<$'% 0+$A// T0'#$,% X325MNPP?
Q% U+"-$
$
! b$#-,'% M?M8b$#-,'% M?Q # X3%$8A363-0MNPR %!
3/6#"($( 0')$$0,ST_ -5-0$)#$C3,#$)$%0-"%( 4,1/#';2$)-7,0+ 3/6#"($




A%(#',( <$#-,'% 7"-($<$2'/$( "40$#U+"-$
#
?*+,--03(5,-'% ,ST ($<,.$-'%25" +$%.$0+$A%(#',(
($<$2'/)$%0,-%'0,%.23($(?
!"#$%&'(E! A&,+*0#0<V,&'JB#5/#%+.0.-# 6.?+5&7$$%. 1&#2"!"+0&,&!"#'#2%&',
J JJ
/3#.+"-$%?*+,-<$#-,'% 7$%02,<$'% 0+$A// T0'#$,% A363-0MNPR?
*+$"// +"-6$%$#"0$( QN"O\\ ('7%2'"(-;$07$$% X"%3"#5MNPP "%(
F"5MNPR?D% 0+"00,)$" Q"MWN 3-$#-+"<$/3#.+"-$( 0+$3/6#"($( <$#-,'%
7,0+ MN 2$--'%-?D% S.0';$#MNPR" 0+$"// 7'% 0+$=(M?N &'#9
.')/$0,0,'%8=3#'/$"% g%,'%843%($(" $(3."0,'%" *#"%-<$#-"2!AQ DE*
a$07'#9 /#'@$.0#G,4$2'%6G$"#%,%6/#'6#"))$% [$4$#$%.$! cPWNcO8GGU8
MNPP8g!8!AQ8!AQa&?
D*#*&%'-S)*#$+/,#
*+$#$-$"#.+ -03(5#$/'#0$( +$#$",)$( 0'"% 3%($#-0"%( 0+$2$"#%$#
$1/$#,$%.$'43-,%60+$=3*$#%#=3','2-#,%L*,%-E-#8%"// "%( ;% $<"23"0$
0+$/#,%.,/2$-3-$( 4'#0+$($-,6% '40+$"//?
*+$#$-$"#.+$#-+"( 6"0+$#$( -')$4,#-0,)/#$--,'%-4#')3-$#-'40+$
"// ;52''9,%6"00+$#$<,$7-"%( #"0,%6-2$40'% 0+$g!"%( gT A// T0'#$-?
S% 0+$gT A// T0'#$" PM #"0,%6-7$#$#$.$,<$("7,0+ "% "<$#"6$'4Q?c -0"#-
#4,<$c8-0"#" 07'R8-0"#" 07'Q8-0"#" '%$M8-0"#"%( 07'P8-0"##"0,%6-%?A
43#0+$#PM #"0,%6-7$#$/'-0$( '% 0+$g!-0'#$?*+$#$" 0+$"// #$.$,<$( "%
"<$#"6$'4R -0"#-#-$<$% c8-0"#" 07'R8-0"#"%( 0+#$$P8-0"##"0,%6-%?*+$
/'-,0,<$#$<,$7-/#",-$( 0+$"//#'/#,"0$2$<$24'#;$6,%%$#-" <"#,$05'4-9,2-
/#".0,-$( "%( 0+$3-$#,%0$#4".$?G'7-.'#$-"%( %$6"0,<$#$<,$7-7$#$
#$.$,<$( 4#')3-$#-7+'+"( $%.'3%0$#$( 0$.+%,."2/#';2$)-7,0+ -'3%("
0#".,%6'#/"5)$%0#0+$-$#$<,$7-+"( ;$$% 2$40/#,'#0'0+$;364,1$-
#$2$"-$( 7,0+ <$#-,'%-M?M "%( M?Q '40+$"//%?&+,2-00+,-7"-'4,%0$#$-0"
")3.+ )'#$($0",2$( "..'3%0'40+$3-$#$1/$#,$%.$7"-%$$($(?
F'-0-03(,$-,%0'0+$3-$'4"//-4'#2"%63"6$2$"#%$#-+"<$;$$%
."#,$( '307,0+ 0+$#$-$"#.+$#->'7% -03($%0-"-/"#0,.,/"%0-#$K6K"&'%6$0
"2K" MNPN$ d"%6Li,$" MNPQ%?*$".+$#-9%'70+$,#-03($%0-"%( ;"-$







"%( 0,)$,-;$,%6-/$%0'% ($<$2'/,%62"%63"6$2$"#%,%6"//-" ;30
($<$2'/$#-" ;3-,%$--$-"%( $(3."0'#-."%%'0($-,6% 7$27,0+'30-')$
9%'72$(6$'47+'3-$#-"#$"%( 7+"00+$57"%0?*+,-#$-$"#.+ /#'@$.0",)-
0'3%($#-0"%( 7+'0+$$%(83-$#-'42"%63"6$2$"#%,%6"//-"#$" 3-,%6("0"
;'0+ 4#')-03($%0-#$6,-0$#$( '% 0+$SgH$6,%%$#->E+,%$-$.'3#-$"%( 4#')










*'';0",% 4$$(;".9 4#')"// 3-$#-""/#')/07"-"(($( 0'0+$"// "-"
/'/83/"7+,.+ "//$"#$( "40$#3-$#-30,2,-$( 0+$"// )'#$0+"% 4,<$0,)$-?D%
"((,0,'%" "% $)",27"--$%00'"g!8;"-$( E+,%$-$2"%63"6$80$".+,%6
)",2,%62,-0"-9,%60$".+$#-0'$%.'3#"6$0+$,#-03($%0-0'0"9$0+$-3#<$5?
:3#0+$#)'#$" ")$--"6$7,0+ 0+$-3#<$52,%9 7"-/'-0$( '% 0+$.'3#-$4'#3)
"-9,%6-03($%0-#$6,-0$#$( '% 0+$Sg;$6,%%$#->E+,%$-$.'3#-$0'0"9$0+$
-3#<$5" "%( 4,%"25"07$$07,0+ 0+$-3#<$52,%9 7"--$%04#')0+$.'3#-$
*7,0$#4$$( $%.'3#"6,%64'2'7$#-0'0"9$0+$-3#<$5?
&+$% 3-$#-.+'-$0'0"9$0+$-3#<$5""2,%9 0''9 0+$)0'0+$-,0$7+$#$
&B8F&
!"#$%&'(E! A&,+*0#0<V,&'JB#5/#%+.0.-# 6.?+5&7$$%. 1&#2"!"+0&,&!"#'#2%&',
J JJ
,07"-+'-0$(?*+$-3#<$5#3-,%6T3#<$5F'%9$5% .'%-,-0$( '4Mc C3$-0,'%-"
'47+,.+ MR 7$#$)320,/2$8.+',.$"%( '%$7"-"% '/$% .'))$%0C3$-0,'%
#-$$A//$%(,1A4'#432-3#<$5%?
*+$-3#<$5#"% ;$07$$% X3%$MNPM "%( F"#.+ MNPR?A0'0"2'4PQO
#$-/'%-$-7$#$.'2$.0$(?A2#$-/'%($%0-4,%,-+$( 0+$-3#<$5?*+$'%25
C3$-0,'% 7+,.+ (,( %'0#$.$,<$432#$-/'%-$-7"-0+$'/$% C3$-0,'%" 7+,.+
7"-"%-7$#$( ;5\W /"#0,.,/"%0-?*+$("0"6"0+$#$( 7$#$"%"25-$( 3-,%6
TUTT MP 0'/#'<,($($-.#,/0,<$-0"0,-0,.-?A-$.'%( ("0""%"25-,-7"-."#,$(
'303-,%6"C3$-0,'% 7+,.+ "-9$( /"#0,.,/"%0-7+$0+$#0+$57$#$#$6,-0$#$(






7$#$,%0$#<,$7$( ,% X3%$MNPQ?*+$3-$#-7$#$#$6,-0$#$( '% 0+$Sg
H$6,%%$#->E+,%$-$.'3#-$"%( +"( ,%(,."0$( 0+"00+$5+"( ;$$% 3-,%60+$
"// ,% #$-/'%-$0'"%'0+$##$-$"#.+ -03(5'% )';,2$2"%63"6$2$"#%,%6#'%$
'40+$"30+'#-'40+,-/"/$#/"#0,.,/"0$( ,% 0+$-03(5%?*+$,%0$#<,$7-7$#$
."#,$( '303-,%6"-$),8-0#3.03#$( -.+$(32$#-$$"//$%(,1M 4'#-")/2$
C3$-0,'%-% <,"T95/$'#0$2$/+'%$" 7,0+ $".+ ,%0$#<,$72"-0,%6;$07$$% QN





*+$/#'4,2$'40+$-3#<$5#$-/'%($%0-,-"-4'2'7-! OW #c_?c!% 7$#$






/"#0,.,/"%0-7$#$"6$( ;$07$$% QN "%( QW #:,63#$PR?M %?*+$2"#6$-0
/#'/'#0,'% '4#$-/'%($%0-2,<$,% 0+$g! # QR?Q!%" 4'2'7$( ;5'0+$#
=3#'/$"% .'3%0#,$-#MP?\!%" a'#0+ A)$#,."#gTA" E"%"("% #Pc?O!%"
E+,%"# PP?M!%" A3-0#"2,""%( a$7e$"2"%( # _?M!%" '0+$#A-,"%
.'3%0#,$-# Q?N!%" E$%0#"2"%( T'30+ A)$#,."# M?M!%" "%( A4#,."
#N?O!%?A43#0+$#Q?N!,%(,."0$( 0+$52,<$$2-$7+$#$?S%25PO?M!'40+$




D% 0+,--$.0,'%" 0+$#$-320-4#')0+$("0".'2$.0$( 7,2;$/#$-$%0$(
"%( (,-.3--$( ,% #$2"0,'% 0'0+$#$-$"#.+ C3$-0,'%-?
W"#%3,%"&='.-+5&.-%"&7$$V,&')
A+,6+ /#'/'#0,'% '40+$-3#<$5#$-/'%($%0-7$#$)"2$#c_?c!%?*+,-
,-,% 2,%$7,0+ g!3%($#6#"(3"0$/'/32"0,'% -03(5,%6E+,%$-$"%( .'%-,-0$%0
&C8F&
!"#$%&'(E! A&,+*0#0<V,&'JB#5/#%+.0.-# 6.?+5&7$$%. 1&#2"!"+0&,&!"#'#2%&',
J JJ
7,0+ 0+$-03($%0/#'4,2$'4'3#3%,<$#-,05E+,%$-$.'3#-$ # !"% L
F.E'#),.9" MNPR % "-7$2"-.'%<$%0,'%"2g! 3%,<$#-,0,$-#Z=TA"
MNPP%" 7+$#$)'#$)$% -03(5E+,%$-$,% .')/"#,-'% 7,0+ =3#'/$"%
2"%63"6$-?&,0+ #$6"#(-0'"6$" )'-0/"#0,.,/"%0-7$#$'2($#0+"% 0+$
0#"(,0,'%"23%,<$#-,058"6$-03($%0-7+'+"( 0"9$% /"#0,% /#$<,'3-25#$/'#0$(




4#')"g!,%-0,030,'%%" 7$4'3%( )"#9$( (,4$#$%.$-;$07$$% 0+'-$"//
3-$#-7+'7$#$#$6,-0$#$( '% ".'3#-$"%( 0+'-$7+'7$#$%'0?A-$1/$.0$("
)'-0#$-/'%($%0-7+'"#$#$6,-0$#$( '% "4'#)"2.'3#-$2,<$,% 0+$g!
;$."3-$0+$Sg,-"g!8;"-$( 3%,<$#-,05"%( 0+$#$4'#$0+$"// ,-)'#$
7,($25/#')'0$( ,% 0+$g!0+"% 0+#'36+'300+$#$-0'40+$7'#2(?D%4'#)"2
2$"#%$#-7$#$)3.+ )'#$+,6+25#$/#$-$%0$( ,% 0+$gT" E"%"(""%( E+,%"?
*+,-,-%'0-3#/#,-,%6"-,07'32( ;$3%2,9$254'##$-/'%($%0-7+'2,<$,%
0+'-$.'3%0#,$-0'#$6,-0$#7,0+ "g!3%,<$#-,05" 7+$#$"-;$6,%%$#E+,%$-$
2$"#%$#-7+'2,<$$2-$7+$#$" E+,%",% /"#0,.32"#" 7'32( ;$2,9$250'7"%00'
-3//'#00+$,#2$"#%,%67,0+ "((,0,'%"2#$-'3#.$--3.+ "-")';,2$"//?
*+$)"@'#,05'4#$-/'%($%0-#_W?O!% ($-.#,;$( 0+$,#.3#$%02$<$2'4
E+,%$-$2"%63"6$"-;$6,%%$##Qc?N! "-'";-'230$;$6,%%$#( "%( cR?O!
"-' ;$6,%%$#(% 7+,.+ ,-0+$"3(,$%.$0+$"// ,-0"#6$0$( "0?A43#0+$#
_?_! -$2$.0$( ',%0$#)$(,"0$( "%( 07'/$'/2$-$2$.0$( "+,6+$#2$<$2" '%$
#N?O!% '3//$#,%0$#)$(,"0$( "%( "%'0+$#'%$'"(<"%.$((?
W"#%3,1"&+'6.%+B#%+.0-.'V,+0* %"&7$$)
*+$-3#<$5"-9$( /"#0,.,/"%0-7+50+$57$#$2$"#%,%6E+,%$-$?*+$
C3$-0,'% "2'7$( )'#$0+"% '%$"%-7$#"%( \W?Q!#$-/'%($( 0+"00+$57$#$






2"%63"6$2$"#%$#-#E'2$)"%" MNNW%?D% "((,0,'%" R\?O! (,( ,0;$."3-$,0
7"-"% ,%0$2$.03"2.+"2$%6$" "%( "43#0+$#QQ?\! ,%(,."0$( 0+"0,07"-
#$2$<"%00'0+$,#/#'4$--,'%?T3.+ "+,6+ /#'/'#0,'% 7"-$1/$.0$( 6,<$% 0+"0
E+,%",-"%"0,'% 0+"0+"-#$.$%025$1/$#,$%.$( $%'#)'3-$.'%'),.6#'70+
"%( %'7"0#".0-"+,6+$#<'23)$'4;3-,%$--0+"% /#$<,'3-25?Z$#,0"6$




A2#$-/'%($%0-,%(,."0$( 0+"00+$53-$( 0+$"// 4'#2$"#%,%6#"0+$#
0+"% 0$".+,%6?A0'0"2'4Mc?W! '4#$-/'%($%0-7$#$4'#)"22$"#%$#-#$6,-8
0$#$( '% "E+,%$-$.'3#-$#$,0+$#4#')0+$Sg0+"00+$"// -3//'#0-'#








,%4'#)"257"-)3.+ +,6+$##_N?c!% 0+"% ")'%60+'-$7+'7$#$#$6,-0$#$(
'% ".'3#-$#QO?c!%?T,),2"#25" 0+$(,4$#$%.$;$07$$% 0+'-$7+'.'%-,8
($#$( 0+$"// 0+$,#)",% -'3#.$'42$"#%,%67"-)3.+ +,6+$##MR?R!%
")'%60+'-$%'0#$6,-0$#$( 0+"% 0+$#$-/'%($%0-7+'7$#$#$6,-0$#$( '% "
.'3#-$#Q?O!%?
A-"20+$4'3#,%0$#<,$7/"#0,.,/"%0-7$#$#$6,-0$#$( -03($%0-'40+$Sg
H$6,%%$#->E+,%$-$.'3#-$" 0+$53-$( 0+$"// "-"#$<,-,'% 0''20'#$<,-$"
#$,%4'#.$"%( 0$-00+$.+"#".0$#-2$"#%$( '% 0+$.'3#-$?S%$/"#0,.,/"%0
&F8F&
!"#$%&'(E! A&,+*0#0<V,&'JB#5/#%+.0.-# 6.?+5&7$$%. 1&#2"!"+0&,&!"#'#2%&',
J JJ
#D%0$#<,$7$$A% 3-$( 0+$"// )'-0254'##$.'6%,-,%6.+"#".0$#-" -"5,%6,0
+$2/$( '0'#$,%4'#.$,`- 0'#$<,-$0+$.+"#".0$#-(?A%'0+$#/"#0,.,/"%0
#D%0$#<,$7$$E% 3-$( 0+$"// ,% .'%@3%.0,'% 7,0+ 0+$.'3#-$)"0$#,"2-?Z$
-",( 0+"0+$0#,$( '0'2$"#% "20+$7'#(-"%( ('$<$#50+,%6,% 2,%$7,0+ 0+$
-03(5( #-$$\?Q 4'#+'70+$53-$0+$"//%?
U.;A. 1"&: V,&%"&7$$)
S40+$,ST ($<,.$-0+"00+$"// #3%-'%" ON?_! 3-$( "% ,U+'%$" QM?P!
"% ,U"(" PP?O! "% ,U'( 0'3.+ "%( c?P! -$2$.0$( ''0+$#(?T')$3-$(
)'#$0+"% '%$($<,.$?
*+$-3#<$5"-9$( 0+$/"#0,.,/"%0-0+$%3);$#'42$--'%-,% 0+$"// 0+$5
+"( .')/2$0$( "00+$0,)$0+$50''9 0+$-3#<$5?X3-03%($#0+#$$C3"#0$#-'4
0+$#$-/'%($%0-+"( 3-$( 0+$"// 4'#)'#$0+"% '%$2$--'%" )$"%,%60+$5
)3-0+"<$/3#.+"-$( 0+$3/6#"($( <$#-,'% 7,0+ MN 2$--'%-#,%.23(,%60+$
\M! 7+'9%$70+$5+"( 3/6#"($( "%( -')$'40+'-$7+'7$#$3%-3#$";'30
7+$0+$#0+$5+"( 3/6#"($( '#%'0%?*+,-,-"+,6+ /$#.$%0"6$" ;30)3-0;$
0"9$% 7,0+ ."30,'% "-,0)"9$--$%-$0+"03-$#-7+'+"( 3/6#"($( 7'32(
)"9$)'#$3-$'40+$"// "%( /$#+"/-;$)'#$7,2,%60'0"9$/"#0,% "
-3#<$5";'30,0?
&,0+ #$6"#(-0'+'72'%6"0"0,)$3-$#-%'#)"25-/$%( 30,2,-,%60+$
"//" )'-0#$-/'%($%0-#OM?_!% 3-$( 0+$"// 4'#Pc ),%30$-'#2$--?T')$
M?M! -$2$.0$( '2$--0+"% c ),%30$-(" W?\! '";'30c ),%30$-(" Q\?N!
';$07$$% \ "%( PN ),%30$-(" Mc?N! '"#'3%( Pc ),%30$-(" PO?\!




(3#,%6'($"( 0,)$(?S%$,%0$#<,$7$$#D%0$#<,$7$$A% .'))$%0$( 0+"00+$






)$%0,'%$( -+$)"($-3#$-+$0''9 +$#,U'( 7,0+ +$#(3#,%6.'))30$0,)$-'
0+"0-+$.'32( 3-$0+$"// 0'2$"#% .+"#".0$#-?A 43#0+$#/"#0,.,/"%0
#D%0$#<,$7$$E% 4'3%( 0+"00+$"(<"%0"6$'4+"<,%60+$"// "<",2";2$7"-
'0+$-/$$( 0+"05'3 ."% 6$0"..$--( 0'4,2,% PN '#Pc ),%30$-'4-/"#$
0,)$" 7+,.+ '0+$#7,-$)"5;$7"-0$(?
*+$,%0$#<,$7 ("0""2-'-+'7-0+"0'<$#"2 /"#0,.,/"%0-7'#9$(
/#'6#$--,<$252$--'% ;52$--'% ;30"00+$-")$0,)$0''9 "(<"%0"6$'40+$"//
($-,6% 0'7'#9 '% "%5-$.0,'% '#.+"#".0$#0+$57,-+$( 0'4'.3-"0"0,)$?
*+$($-,6% 4$"03#$'4;$,%642$1,;2$"%( /$#-'%"2,-$( 7,0+,% 0+$4#")$7'#9 '4
/#'6#$--,<$2$"#%,%67"-7$2.')$( ;5"24'3#/"#0,.,/"%0-?A-D%0$#<,$7$$E
.'))$%0$( 0+"0+$'),6+0@3-0/,.9 '%$,.+"#".0$#-" '%$'40+$'%$-D><$
('%$( -')$0,)$-" ;30'<$#"2+$7$%02$--'% ;52$--'% ;$."3-$'D7"%00'
9$$/ (',%6,0/#'/$#25(?*+,-,-43#0+$#-3//'#0$( ;5D%0$#<,$7$$H! 'D
0+,%9 D@3-0-$$7+"0D4"%.5'% 0+$("5"%( 7+"0D+"<$;$$% -0#3662,%6
7,0+?D40+$#$,--')$0+,%60+"0D9%'77$+"<$2$"#%0;30D."%>0#$)$);$#D
7,26';".9 0'0+"0?( *+,-43#0+$#-3//'#0-0+$4,%(,%6-,% 0+$2,0$#"03#$'%
42$1,;2$($-,6% 4'#(,-0"%.$2"%63"6$2$"#%,%6#H"0$-" MNNc$ B"#,('"
MNNc%?B"#,('#MNNc% /',%0-'300+"0,% ($-,6%,%6(,-0"%.$.'3#-$'0+$#$
+"( 0';$"+,6+ ($6#$$'442$1,;,2,05;3,20,%0'0+$.'3#-$0')$$07,($8
#"%6,%6$1/$.0"0,'%-( #MNNc" P_N%$ 7+,2-0"00+$-")$0,)$' (,-0"%.$
2$"#%$#-%$$( "0$".+,%6"%( 2$"#%,%64#")$7'#9 0+"0$%6$%($#-"+,6+ 2$<$2





4'3#."0$6'#,$-7$#$'4$#$( "-.+',.$-P8R?D% "((,0,'%" "43#0+$#07'
.+',.$-# c "%( \ % 7$#$"(($( ,%<'2<,%6"% 3%#$"2,-0,.$1/$.0"0,'% 0'
&H8F&
!"#$%&'(E! A&,+*0#0<V,&'JB#5/#%+.0.-# 6.?+5&7$$%. 1&#2"!"+0&,&!"#'#2%&',
J JJ
;$.')$423$%0,% E+,%$-$"%( +"<,%6 %' $1/$.0"0,'%-#$-/$.0,<$25?
[$-/'%($%0-.'32( 0,.9 "20+"0"//2,$(?*+$#$-320--+'7 0+"0)'-0
#$-/'%($%0-+'/$( 0'2$"#% 0'7#,0$-')$.+"#".0$#-" 4'2'7$( ;52$"#%,%60'
#$.'6%,-$-')$.+"#".0$#-#-$$*";2$PR?M%?
1#?5&(ELCMV,&'JI$&2%#%+.0,
'&+"0$1/$.0"0,'%-'40+$"// (,( 5'3 +"<$7+$% 5'3 ('7%2'"($( ,0)( [$-/'%-$
D7'32( 2$"#% 0'7#,0$-')$E+,%$-$.+"#".0$#- OR?R!
D7'32( 2$"#% 0',($%0,45-')$E+,%$-$-'3%(- R\?Q!
D7'32( 2$"#% 0'#$.'6%,-$-')$E+,%$-$.+"#".0$#- \O?W!
D7'32( 2$"#% 0'-"5"4$7E+,%$-$7'#(- RP?_!




;$2,%9$( 0'0+$"// %")$"%( ($-.#,/0,'%" ;'0+ '47+,.+ #$4$#0'.+"#".0$#-
#"0+$#0+"% -'3%(-'#/#'%3%.,"0,'%" '#0+$#$)"5;$"% "--3)/0,'% 0+"0
3-,%6"//-4'#2$"#%,%6E+,%$-$,-)'#$"/04'##$"(,%6"%( 7#,0,%6#"0+$#
0+"% "3#"2-9,2-?D07"-,%0$#$-0,%60'-$$0+"0"<$#5-)"2%3);$#'4
#$-/'%($%0-,%(,."0$( 0+"00+$5$1/$.0$( 0';$.')$423$%0,% E+,%$-$;5
3-,%6"% "// 7,0+ MN 2$--'%-?S% 0+$'%$+"%("0+,-,-.2$"#25"% 3%#$"2,-0,.
$1/$.0"0,'%..$#0",%25,% 0+$."-$'40+,-/"#0,.32"#"//" '% 0+$'0+$#+"%("
+'7$<$#" ,0-366$-0-0+"0-')$/$'/2$)"5;$2,$<$0+"0-03(5,%6"2"%63"6$
7,0+ "% "// '% 0+$,#/$#-'%"2($<,.$."% 2$"( 0'423$%.5"7+,.+ ,--')$0+,%6
0+"07'32( %'0+"<$'..3#$( 4,<$5$"#-"6'?
*+$%$10C3$-0,'% "-9$( /"#0,.,/"%0-7+$0+$#0+$"// +"( )$00+$,#
$1/$.0"0,'%-#-$$*";2$PR?Q%?*+$-$#$-320-<"#54'#0+'-$#$-/'%($%0-






(,4$#$%.$-;$07$$% 0+$07'6#'3/--366$-00+"00+'-$%'0#$6,-0$#$( '% "
.'3#-$+"( )'#$#$"2,-0,.,%,0,"2$1/$.0"0,'%-'40+$"//" "-cQ?_! 4'3%(
0+$"// "-0+$5$1/$.0$( ,00';$?*+,--$$)-2'6,."24'#3-$#-7+'" "-
,%4'#)"22$"#%$#-" "#$2,9$250'30,2,-$-$<$#"2"//-"%( /$#+"/-+"<$)'#$
#$"2,-0,.$1/$.0"0,'%-'47+"0"% "// ."% ('" 7+,.+ ,-.'%-,-0$%07,0+ 0+$
.2",)0+"02$"#%$#-'40$% $%6"6$,% )$"%,%64322"%63"6$2$"#%,%6".0,<,0,$-;5
3-,%6-$<$#"2"//-#G"4'#(" MNPP%?S40+$0+#$$#$-/'%($%0-7+'-$2$.0$(




H$0$#0+"% $1/$.0$( cM?M! \R?_! RQ?_!
A-$1/$.0$( Rc?c! QQ?Q! cQ?_!
&'#-$0+"% $1/$.0$( M?M! P?W! M?c!
D0,-/2$"-,%60+"0WO?O! '4#$-/'%($%0-,%(,."0$( 0+"00+$"// +"(
$,0+$#)$0'#$1.$$($( 0+$,#$1/$.0"0,'%-""-,0,-$<,($%.$0+"00+$"// ,-4,0
4'#/3#/'-$?A6",%" 0+,--3//'#0-4,%(,%6-4#') /#$<,'3--03(,$-,% 0+$
2,0$#"03#$0+"03-$#-+"<$/'-,0,<$"0,03($-0'7"#(-3-,%62"%63"6$2$"#%,%6
"//-#!,)" MNPQ$!+"(("6$LG"0$)"%%" MNPQ%?
D% 0+$'/$% .'))$%0C3$-0,'%" /"#0,.,/"%0-7$#$"-9$( 7+"0$2-$0+$5
7'32( 2,9$4#')0+$"//?T')$\W #$-/'%($%0-"%-7$#$( 0+$C3$-0,'%?*+$
)'-0/'/32"##$C3$-07"-4'#)'#$.+"#".0$#-Y.'%0$%0" 7,0+ Mc #$-/'%-$-?
*+,-7"-/#$(,.0";2$?A)'%60+$-$" -,1-/$.,4,$( 0+$57"%0$( .'%0$%00+"0
7"-)'#$.+"2$%6,%6" ,%.23(,%6432-$%0$%.$-" "43#0+$#-,1-/$.,4,$( 0+$5
7"%0$( )'#$.'%0$%0'% 0'%$-" "%( 0+#$$7"%0$( )'#$/#'%3%.,"0,'%
/#".0,.$?:'3##$-/'%($%0-#$C3$-0$( )'#$ 4#$$ .'%0$%0? T')$ P\
&=8F&





-366$-0$( ,%.23($( 0+$";,2,050',%0$#".07,0+ '0+$#2$"#%$#-"%( "% ,%0$#4".$
,% "2"%63"6$'0+$#0+"% =%62,-+ #07'#$-/'%($%0-$".+%" "(,.0,'%"#5
#07'%" ;$,%6";2$0'/$#-'%"2,-$0+$,%0$#4".$" "%( 7#,0,%60$-0-?:,%"25"
4'3##$-/'%($%0-7'32( 2,9$($0",2$( 4$$(;".9 '% 0+$C3,II$-?D0,-
,%0$#$-0,%60+"0-')$'40+$-366$-0,'%-4'#"((,0,'%"24$"03#$-" -3.+ "-0+$
";,2,050',%0$#".07,0+ '0+$#-"%( ($0",2$( 4$$(;".9" "#$.'%-,-0$%07,0+
4$"03#$-0+"0+"( ;$$% +,6+2,6+0$( ,% 0+$2,0$#"03#$"-($-,#";2$4#')
2"%63"6$2$"#%,%6"//-?T')$'40+$";'<$-366$-0,'%-+"<$;$$% "((#$--$(
,% 0+$2"0$-0<$#-,'% '40+$"//?
A24'3#/"#0,.,/"%0-,% 0+$,%0$#<,$7 -",( 0+$52,9$( 0+$"//?
D%0$#<,$7$$E-",( 'D#$"252,9$0+"0"// ,`- D0>-0+$4"<'3#,0$'%$0+"0




"-"((,%6"3(,';30'% 0'$".+ .+"#".0$#,% 0+$&#,0,%6-$.0,'% -'0+"00+$
3-$#."% 2,-0$% 0'0+$.+"#".0$#;$4'#$0+$5/#".0,-$0+$7#,0,%6" 7+,.+ 7"-
,)/2$)$%0$( ,%0'0+$2"0$-0<$#-,'% '40+$"//?
A. 1"&: 1"+0S1"#%V,+0* %"&7$$U#,34$'.B&<1"&+'8&#'0+0*)
U"#0,.,/"%0-7$#$"-9$( 0'#"0$0+$'<$#"2C3"2,05'40+$"// #-$$*";2$








1#?5&(ELEM>&,$.0,&,%. %"&_/&,%+.0# %=5&#,&>#%&%"&XB&'#5_/#5+%: .-%"&
!"#$%&%!"'(')*%(&+#(&*,*%-&7$$&
S<$#"2C3"2,05 &#,0,%6.+"#".0$#- [$"(,%6.+"#".0$#- [$.'6%,-,%67'#(-
b$#56''( cP?P! RM?c! cR?P! cN?R!
B''( QW?Q! MW?W! QQ"_! Qc?\!
S! \?O! MQ?P! PP?Q! PP?W!
a'0-'6''( Q?N! R?c! N?_! M?M!
*$#,;2$ N?N! N?N! N?N! N?N!
a'0"24$"03#$-7$#$#"0$( $C3"25! 7+$#$"-0+$C3"2,05'40+$"// 4'#
2$"#%,%60'#$.'6%,-$E+,%$-$.+"#".0$#-"%( #$"( E+,%$-$7'#(-#$.$,<$(




#"0$( ,0'6''(( '#'<$#56''((%" /'--,;25(3$0',% 0+$4#3-0#"0,'% ,%
(#"7,%6-')$.')/2$1.+"#".0$#-'% "-)"2-.#$$% #"--366$-0$( ;50+$





0+$)0'7#,0$'% /"/$#"-7$2?D% 0'0"2" R_?W! -$2$.0$( '"2'0(" QP?W!
'"2,02$(" "%( _?W! ' %'0)3.+(?a';'(5-$2$.0$( ' %'0"0"2( "%(
PN?R! +"( %'00#,$( 0'7#,0$0+$.+"#".0$#-'% /"/$#"40$#/#".0,-,%67,0+
0+$"//?*+,--366$-0-0+"0/"#0,.,/"%0-;$2,$<$0+"0#$/$"0$( 7#,0,%6'4
.+"#".0$#-" 7+$0+$#3-,%6'%$>-4,%6$#-'% "-.#$$% '#7,0+ /$%-'% /"/$#"
4".,2,0"0$-0+$/#'(3.0,'% '4.+"#".0$#-?
&BCF&
!"#$%&'(E! A&,+*0#0<V,&'JB#5/#%+.0.-# 6.?+5&7$$%. 1&#2"!"+0&,&!"#'#2%&',
J JJ
:,%"25" 0+$/"#0,.,/"%0-7$#$"-9$( 7+$0+$#3-,%60+$"// +"(
,)/#'<$( 0+$,#9%'72$(6$'4E+,%$-$?a'6#"("0,'% '4,)/#'<$)$%07"-
'4$#$( "-'/0,'%-'0+$#0+"% '5$-("7+,.+ W\?Q!-$2$.0$("'#'%'("-$2$8
.0$( ;5Q?O!?*+$/$#.$,<$( ;$%$4,0-'42$"#%,%6.+"#".0$#-7,0+ 0+$"//
"#$43#0+$#-3//'#0$( ;50+$,%0$#<,$7("0"" 7+$#$"20+$4'3#/"#0,.,/"%0-
7+'+"( 3-$( 0+$"// 4'3%( 0+$"// "3-$4322$"#%,%6"%( #$<,-,'% 0''2?




#$)$);$#?( D%0$#<,$7$$V)$%0,'%$( 0+"03-,%60+$"// ,-'@3-0"(,4$#$%0
7"5'4#$<,$7,%6.+"#".0$#-"%( -'3%(-(?A--0"0$( $"#2,$#" '<$#_N! '4
/"#0,.,/"%0-4$200+"0/#".0,-,%67#,0,%6.+"#".0$#-'% 0+$"// +$2/$( 0+$)"0'
-')$$10$%0" 0'7#,0$.+"#".0$#-'% /"/$#"-7$2?*+$";'<$4,%(,%6-"#$
.'%-,-0$%07,0+ 0+$2,0$#"03#$0+"02$"#%$#-#$/'#0$( 0+"02$"#%,%67,0+ )';,2$




*+$#$-320-4#')0+,--03(5+"<$4'3%( 0+"00+$"// 7$.#$"0$( +"-;$$%
3-$( ,% 0+$7"5,07"-($-,6%$( 4'#"%( 2$( 0'<$#5/'-,0,<$,)/#$--,'%-'4
2$"#%,%67,0+ ,0?*+$"// +$2/-.+"#".0$##$.'6%,0,'% "%( 7#,0,%6"-,0
.');,%$-0+$-0#'9$8;58-0#'9$7#,0,%6'4.+"#".0$#-" -'3%(" /,%5,% "%(
=%62,-+ 0#"%-2"0,'% '% '%$-.#$$% 0'#$,%4'#.$0+$2$"#%,%6$ ,0"2'7-3-$#-0'
3-$0+$"// 7+$% 0+$5+"<$"-)"2")'3%0'40,)$'#7+$% 0+$5"#$'% 0+$
)'<$$ "%( ;56,<,%60+$)0+$4#$$(')"-7$2"-0+$-0#3.03#$0'-3,00+$,#











7,0+ 0+$)?*+$4$$(;".9 "%( ("0".'2$.0$( 4#')3-$#-4'#0+,--03(57,2;$
3-$4320',%4'#)0+$($-,6% '443#0+$#($<$2'/)$%0-?
T34,.,$%0$<,($%.$,% 0+$("0"-366$-0-0+"00+$($-,6% /#,%.,/2$-3-$(
,% 0+$($<$2'/)$%0'40+$"// +"<$;$$% 3-$4320'2$"#%$#-?V3#,%60+$
($<$2'/)$%0'40+$"//" '%$'40+$9$5.+"2$%6$-7"-0';#,(6$0+$6"/
;$07$$% 0+$2"%63"6$0$".+$#->2,),0$( 0$.+%,."29%'72$(6$"%( 0+$"//






$1/$%-$'40+$2$"#%,%6'30.')$-?H'0+ -,($-+"( 0';$/#$/"#$( 0'.+"%6$
0+$-/$.,4,."0,'% '40+$"// "-($<$2'/)$%07$%0'% ;$."3-$-')$,($"-(,(
%'07'#9 '30"-$1/$.0$(" 7+,2-0'0+$#,($"-.")$ 3/ (3#,%60+$
($<$2'/)$%0/#'.$--?:'#$1")/2$" 0+$7'#( -$"#.+ ".0,<,057"-%'0,% 0+$
,%,0,"2($-,6% '40+$"//" ;307"-;'#%$(3#,%60+$/#'.$--"-7$0#,$( 0'
.');,%$0+$/#,%.,/2$'4.#$"0,%6"% $2$)$%0'443% 7,0+ /#'6#$--,<$
2$"#%,%6" 7+,.+ 03#%$( '300';$"4$"03#$<$#5)3.+ 7$2.')$( ;53-$#-?
:,%"25" 7+$#$"-0+$"."($),.-7$#$"..3-0')$( 0'0"9,%62'%6$#/$#,'(-'4
0,)$0'/#$/"#$#$-'3#.$-" "// ($<$2'/$#-7'#9$( "0"4"-0/".$?H$."3-$'4
0+,-" ,0;$.")$,)/'#0"%00'#$-/'%( C3,.9250'C3$#,$-"%( -366$-0,'%-"%(
"("/00'0+$,#"<",2";,2,050'7'#9 '% 0+$"// ($-,6%?*+$-$"#$<"23";2$
&CCF&






2$"#%,%67,0+ 0+$"// 7$#$?&+,2-00+,-,-+$2/4320'3%($#-0"%( +'73-$#-
4$$2";'303-,%60+$"// "-"2$"#%,%60''" ,0('$-%'0/#'<,($"%5$<,($%.$
'4".03"22$"#%,%6?D% /#,%.,/2$" 0+$("0"4#')/"#0,.,/"%0-7+'7$#$0"9,%6
0+$.'3#-$.'32( +"<$;$$% .'#$2"0$( 7,0+ 0+$,#/$#4'#)"%.$'% 0+$.'3#-$
"--$--)$%0?A%3);$#'4';-0".2$-,)/$($( 0+,-?:,#-025" -')$7$#$3-,%6
'0+$#-'3#.$-'42$"#%,%6,% "((,0,'% 0'0+$"//" -'0+$,--3$'47+$0+$#0+$
2$"#%,%67"-(3$0'"// 3-$'#%'07'32( +"<$;$$% 3%.2$"#?T$.'%(25" 0+$
.'%4,($%0,"2,05'43-$#-),6+0;$.')/#'),-$(" "-,07'32( ;$%$.$--"#50'
.'#$2"0$0+$-3#<$5#$-/'%-$-7,0+ 0+$,#"0",%)$%0?*+,#(25" ;$,%6(,-0"%.$
2$"#%$#-" 0+$#$7'32( ;$%'7"5'4"-.$#0",%,%60+"00+$/$#-'% 7+'0''9 0+$
-3#<$57"-0+$-")$/$#-'% 0"9,%60+$"--$--)$%0?:,%"25" ,07"-,)/'#0"%0
0'9$$/ 0+$-3#<$5.'%4,($%0,"20'"<',( "%5/$#.$/0,'% '4;,"-'#/"#0,.,/"%0-
0+,%9,%60+"00"9,%6/"#0'#'6''(( '#';"(( #$-/'%-$-)"5,%423$%.$0+$,#
6#"($-?D% "((,0,'%" "--$--)$%0-.'#$-7'32( %'0+"<$/#'<,($( $<,($%.$'4
2$"#%,%6" "-,0,-"--3)$( 0+"0"2"#6$/#'/'#0,'% '40+$,#2$"#%,%6,-(3$0'
.')/2$0,%60+$.'3#-$"%( %'0@3-0;"-$( '% 0+$"//?
D07"-"2-',)/'--,;2$0'6"0+$#"%"250,.-4#')0+$"// ,0-$24'% %3);$#
'4"0$)/0-'#2$<$2-".+,$<$( "%( 2,%9 ,00'0+$("0"4#')0+$-3#<$5?*+,-,-
-')$0+,%60+"0."% ;$$"-,25,%0$6#"0$( ,%0'"// ($-,6% %'7;307"-%'0
"<",2";2$"00+$0,)$'40+$"// ($<$2'/)$%0?
N/'%"&'>&,&#'2"
&'#9 .'%0,%3$-0',)/#'<$0+$"//! 7$+"<$#$.$%025/#'(3.$( "%
A%(#',( <$#-,'% "%( 3/("0$( 0+$,ST <$#-,'% ##$2$"-$( '% 0+$,*3%$-T0'#$






"%"250,.-?*+$("0"6"0+$#$( 4#') 0+$"%"250,.-" 3-$#4$$(;".9 "%(
-366$-0,'%-.'2$.0$( 4'#0+,--03(57,2,%4'#) 0+$($-,6% '443#0+$#
($<$2'/)$%0-?&$7,2.'%0,%3$0'3%($#0"9$#$-$"#.+ ;"-$( '% 2"0$#
<$#-,'%-'40+$"//?
&$;$2,$<$0+"043#0+$##$-$"#.+ ,-%$.$--"#5,% 0+$4,$2( '4"//-4'#
2"%63"6$2$"#%,%6" "%( "//-4'#E+,%$-$2"%63"6$2$"#%,%6,% /"#0,.32"#?
F'#$,%4'#)"0,'% ,-#$C3,#$( 0'3%($#-0"%( 0+$7"52$"#%$#-$%6"6$7,0+
"//-4'#2"%63"6$2$"#%,%6",% /"#0,.32"#7+$% "/#'/'#0,'% '40+$-$3-$"//-
"-0+$,#'%25-'3#.$'42$"#%,%6#$-'3#.$-?T3.+ #$-$"#.+ 7'32( ;$%$4,04#')
-.#$$% #$.'#(,%6-"%( $5$80#".9,%60$.+%'2'65"-7$2"-';-$#<"0,'% '4
;$+"<,'3#-"%(Y'#2$"#%,%6"%"250,.-'4"// ".0,<,05#-3.+ "-%3);$#'4
"0$)/0-'#2$<$2-".+,$<$(" "-(,-.3--$( ";'<$%?A20+'36+ 0+$/"#0,.,/"%0-




&$7'32( 2,9$0'0+"%9 U"32Z'6"%" !$<,% ]3,.9 "%( X':"2'7-4'#
0+$,#7'#9 '% 0+$($<$2'/)$%0'40+$'#,6,%"2<$#-,'% '40+$"//" "%( X"5
H",2$5" !"0@"Hu2'7 "%( A2$--"%(#'*"4$0"%,4'#0+$,#7'#9 '% 0+$
-3;-$C3$%0<$#-,'%-?
!JJ*,<+Q 8! T,2+,*@)%I*A S)*#$+/,#
=3*$#%#=3','2-#,%L*,%-E-#8%A// T3#<$5
*+,--3#<$5",)-0'4,%( '30)'#$";'300+$/$'/2$7+'('7%2'"( *+$
S/$% g%,<$#-,05'E+,%$-$E+"#".0$#-:,#-0T0$/-( "// "%( +'70+$53-$,0?
d'3#"%-7$#-7,2;$.')/2$0$25"%'%5)'3-?d'3 7,2%'0;$,($%0,4,";2$
"%( 7$7,2%'0"-9 5'3 4'#"%5.'%0".0,%4'#)"0,'%?D0-+'32( 0"9$2$--0+"%
&FCF&
!"#$%&'(E! A&,+*0#0<V,&'JB#5/#%+.0.-# 6.?+5&7$$%. 1&#2"!"+0&,&!"#'#2%&',
J JJ
4,<$),%30$-0'.')/2$0$?
H5.')/2$0,%60+,--3#<$5" 5'3 6,<$/$#),--,'% 4'#0+$("0".'2$.0$( 0'
;$3-$( ,% "% "%'%5)'3-4'#),% "%57#,0$% #$/'#0-" /#$-$%0"0,'%-"%(
/3;2,-+$( /"/$#-#$2"0,%60'0+,--03(54'##$-$"#.+ /3#/'-$-?






























































*$".+,%6#D0$".+ -03($%0-'#4"),25)$);$#-% ,6'0'C3$-0,'% Pc-






























































H$07$$% P\ "%( QN ),%30$-
!
S<$#QN ),%30$-






















































































































































M?V'5'3 -7,0.+ ;$07$$% ($<,.$-) &+"09,%( '42"%63"6$".0,<,0,$-('
5'3 3-$0+$,U+'%$4'#" 4'#$1")/2$)




M?&+,.+ -$.0,'% '40+$"// ('5'3 4,%( )'-03-$432#,?$?" &#,0,%6"
[$"(,%6*$-0" G,-0$%,%6*$-0"%( &'#( -$"#.+%)
Q?&+$#$"%( 7+$% ('5'3 3-$0+$"//)
R?*+$#$"#$MN 2$--'%-'% 0+$"//?V'5'3 3-$0+$),% 0+$'#($#
/#$-$%0$( '##"%(')25)
c?H23$8-950+,%9,%68"%54$"03#$-5'3 7'32( 2,9$0'-$$,% 0+$"//
7+,.+ "#$.3#$%025%'00+$#$)
D*0*%*,'*#
H"0$-" A?&?*?#MNNc%?*$.+%'2'65" $82$"#%,%6"%( (,-0"%.$$(3."0,'%?['302$(6$?
&B9F&
!"#$%&'(E! A&,+*0#0<V,&'JB#5/#%+.0.-# 6.?+5&7$$%. 1&#2"!"+0&,&!"#'#2%&',
J JJ
H3#-0'%" X?#MNPR%?*+$[$"2,05'4FAGG! T0,2'% 0+$:#,%6$-?=5@H=UF/",$'&" QP
#P%" PNQ8PMc?
E+3%6" E?#MNPQ" F"5%?D%0$6#"0,%6,U"(-,%0'D%0$%-,<$g%,<$#-,05G$<$2F"%("#,%
E+,%$-$E'3#-$-?U"/$#/#$-$%0$( "0EAGDES .'%4$#$%.$! a"<,6"0,%60+$
E')/2$1,0,$-'4G"%63"6$G$"#%,%6,% 0+$V,6,0"2A6$" F"%'"" Z"7",?
E'2$)"%" X?A?#MNNW%?&+50+$H#,0,-+ ('%'02$"#% 2"%63"6$-! F50+-"%( )'0,<"0,'%
,% 0+$g%,0$( !,%6(')?@'$4"'4#@#',$*$4 F/",$'&" QO" PPP8PMO?
B"#,('" E?# MNNc %?E'3#-$($-,6% 4'#0+$(,-0"%.$2$"#%$#'4T/"%,-+! F'#$
.+"2$%6$-0+"% )$$00+$$5$?D% H?Z'2);$#6#" F?T+$25" L E?&+,0$
#=(-?%" P*%-'$2#>("2'-*/$ '$( @'$4"'4#%#//?PO_8PWR%?E2$<$('%! F320,2,%8
63"2F"0$#-G0(?
B'(7,%8X'%$-" [?#MNPP%?=)$#6,%60$.+%'2'6,$-! F';,2$"//-4'#2"%63"6$2$"#%,%6?
@'$4"'4#@#',$*$4 S1#23$/&/4." Pc#M%" M8PP?
B'2'%9"" =?F?" H'72$-" A?[?" :#"%9" b?F?" [,.+"#(-'%" V?G?" L:#$5%,9"
T?#MNPR%?*$.+%'2'6,$-4'#4'#$,6% 2"%63"6$2$"#%,%6! A#$<,$7'40$.+%'2'65
05/$-"%( 0+$,#$4$.0,<$%$--?=/68"-#,5%*%-#( @'$4"'4#@#',$*$4" MO # P %"
ON8PNc?
Z=TA?#MNPP%?A2Z=-03($%0-;52$<$2'4-03(5" -3;@$.0'4-03(5" ('),.,2$"%(
6$%($#MNNWYPN?Z,6+$#=(3."0,'% T0"0,-0,.-A6$%.5?[$0#,$<$( 4#') +0/!YY
777?+$-"?".?39Y,%($1?/+/Y.'%0$%0Y<,$7YPWOQYMQWY
Z3" H?#MNPN%?*+$.+"2$%6$-'4E+,%$-$! "/#$2,),%"#5-03(5'4g!G$"#%$#->
/$#.$/0,'%-'4(,4,.3205?@'$4"'4#@#',$*$4 F/",$'&" Q_ # P %" A/#,2MNPN"
WW8PP_?
Z3'" X?#MNPQ" F"5%?C#+*%*$4 /&( '%"68-*/$%! P/#%%-,/9#/,(#,%-*&6'-#,*$ -3#
P*4*-'&54#) U"/$#/#$-$%0$( "0EAGDES.'%4$#$%.$! a"<,6"0,%60+$E')/2$1,0,$-
'4G"%63"6$G$"#%,%6,% 0+$V,6,0"2A6$" F"%'"" Z"7",?
Z3#(" T?#MNNc%?A30'%')5"%( 0+$(,-0"%.$2"%63"6$2$"#%$#?D% H?Z'2);$#6#" F?
T+$25" LE?&+,0$#=(-?%" P*%-'$2#>("2'-*/$ '$( @'$4"'4#%# //?P8PW%?
:#"%943#0G'(6$! F320,2,%63"2F"0$#-G0(?






8,/("2-*/$ /0G'$(',*$ =3*$#%#-/$#%?D% U?G," G?Z?*"%" =?H"0$-" LS?X?G?
*I$%6#=(-?%" B'$(7//9/0>'%-5%*'$ I%.23/&*$4"*%-*2%#b'2?P! E+,%$-$%"
#//?MNW8MPO%?E");#,(6$" g%,0$( !,%6(')! E");#,(6$g%,<$#-,05U#$--?
!"%" ]?" LF.E'#),.9" [?#MNPR%?H3,2(,%6.'3#-$.'+$-,'%! *+$3-$'4'%2,%$





!+"(("6$" :?" G"0$)"%% E?#MNPQ%?*+$4303#$'4)';,2$"//-4'#0$".+,%6"%(
2$"#%,%6?D% e?G?H$#6$L G?F3,2$%;3#6#=(-?%?B'$(7//9/0G/7*&#
>("2'-*/$ #//?PPW8PM_%?['302$(6$?
!,)" Z?" L !7'%" d?# MNPM %?=1/2'#,%6-)"#0/+'%$"//2,."0,'%-4'#$4$.0,<$
)';,2$8"--,-0$( 2"%63"6$2$"#%,%6?G"&-*6#(*'?5%*%-#( @'$4"'4#@#',$*$4" P\
#P%" QP8cO?
!,)" Z?T?# MNPQ %?=)$#6,%6)';,2$"//-0',)/#'<$=%62,-+ 2,-0$%,%6-9,2-?
G"&-*6#(*'?5%*%-#( @'$4"'4#@#',$*$4" P\#M%" PP8QN?
!'<"2.+,.9" A?" L V"7-'%" !?# MNNQ %?G$"#%,%6';@$.0-8"($4,%,0,'%?D% A?
!'<"2.+,.9 L !?V"7-'% #=(-?% >("2'-*/$'&1#23$/&/4.! 5$ >$2.2&/8#(*'?
T"%0" H"#;"#"! AHE8EGDS? [$0#,$<$( 4#') +0/!YY'/$%.'%0$%0?'#6Y('.-Y
$%.5.?/(4
G"," E?" L B3" F?# MNPP %?T$248#$632"0$( '308'48.2"--2"%63"6$2$"#%,%67,0+
0$.+%'2'65?=/68"-#,5%*%-#( @'$4"'4#@#',$*$4" MR#R%" QPO8QQc?
G"4'#(" U?#MNPP% A40$#7'#(8,U"(-,% 0+$2"%63"6$.2"--#'')?D% H?[?:".$#LF?
A;('3-#=(-?%" 52'(#6*28/(2'%-*$4 '$( 6/7*&#'%*%-#( &'$4"'4#&#',$*$4!
588&*2'-*/$%'$( /"-2/6#%?DBDB2';"2?
G,"%6" X?" L<"% Z$3<$%" b?X?#MNNO%?E+,%$-$0'%$"%( ,%0'%"0,'% /$#.$,<$( ;5GP
"%( GM 2,-0$%$#-?D% E?B3--$%+'<$% L*?[,"( #=(-?%" 1/$#%'$( -"$#%!
>Y8#,*6#$-'&%-"(*#%*$ ;/,( '$( %#$-#$2#8,/%/(.#//?MO8\M%?H$#2,%Ya$7d'#9!
F'30'% ($B#350$#?
&C9F&
!"#$%&'(E! A&,+*0#0<V,&'JB#5/#%+.0.-# 6.?+5&7$$%. 1&#2"!"+0&,&!"#'#2%&',
J JJ
G3" [?#MNNW%?S% 0+$(3"2)'("2,0,$-'4E+,%$-$.+"#".0$#-"%( "7'#9,%6)'($24'#
2,0$#".5,% E+,%$-$?D% B?i?e+"%6#=(%" A//2,$( E+,%$-$2"%63"6$-03(,$-D$
T$2$.0$( U"/$#-4#')0+$H#,0,-+ E+,%$-$G"%63"6$*$".+,%6T'.,$05MNNO "%(
MNN_ D%0$#%"0,'%"2T5)/'-,3)-#//?PMQ8PQR%?
Gu" E?#MNPN%?*+$$4$.0-'47'#(89%'72$(6$($/0+" /"#0'4-/$$.+" "%( /#'4,.,$%.5
2$<$2'% 7'#( "--'.,"0,'% ")'%62$"#%$#-'4E+,%$-$"-"T$.'%( G"%63"6$?D% F?
=?=<$#-'% LZ?Z?T+$%" #=(-?%" C#%#',23 56/$4 @#',$#,%/0=3*$#%#'%'
L/,#*4$ @'$4"'4## //?PcQ8POM %?Z'%'2323! a:G[E" g%,<$#-,05'4Z"7",
"0Fx%'"?
G5-" :?#MNPQ%?*+$($<$2'/)$%0'4"(<"%.$( 2$"#%$#'#"2/#'4,.,$%.53-,%6,U"(-?
@'$4"'4#@#',$*$4 S1#23$/&/4." PO #Q%" WR8PP\?[$0#,$<$( 4#')+0/!YY20?
)-3?$(3Y,--3$-Y'.0';$#MNPQY25-?/(4
F3#/+5" B?V?# MNPP %?U'-08UE ($<,.$-! A-3))"#5'4$"#25,U"( 0$.+%'2'65
"('/0,'% ,% 0$#0,"#5$%<,#'%)$%0-?>F/",$'&/0J"%*$#%>("2'-*/$ SE23/&',%3*8/0
1#'23*$4" c#P%?
T+,%"6"7"" T?#MNPM%?A("/0,%60+$,U+'%$4'#2"%63"6$0$".+,%6"%( 2$"#%,%6?D% :?
e+"%6 # =(?%" =/68"-#,?#$3'$2#( '$( 6/7*&#?'%*%-#( &'$4"'4#&#',$*$4!
>6#,4*$4 *%"#%'$( -,#$(%#//?P__8MNP%?Z$#-+$5" UA! DBDB2';"2?
T0,.92$#" g?" LT+," G?#MNPQ%?T3//'#0,%6E+,%$-$-/$"9,%6-9,2-'%2,%$?E.%-#6"
RP#P%" cN8\W?
T7$$%$5" U?" LF''#$" E?#MNPM%?F';,2$"//-4'#2$"#%,%6<'.";32"#5! E"0$6'#,$-"
$<"23"0,'% "%( ($-,6% .#,0$#,"4'#0$".+$#-"%( ($<$2'/$#-?H$-#,$'-*/$'&F/",$'&/0
=/68"-#,?5%*%-#( @'$4"'4#@#',$*$4 '$( 1#'23*$4 #HF=5@@1%" M#R%" P8P\?
*#,4'%'<"" A?" ['%.+$0,F?# MNNQ %?&+$#$,-F';,2$G$"#%,%6B',%6) D%
I,/2##(*$4%/0>?@#',$ MNNQ =/$0#,#$2#" I3/#$*Y" 5,*O/$'" )E5" POWR8P_NP?
[$0#,$<$( 4#')+0/!YY.,0$-$$#1?,-0?/-3?$(3Y<,$7('.Y('7%2'"() (',^ PN?P?P?
PN\?QNONL#$/ #^$/PL05/$^ /(4
&"%6" V?" L!,#9/"0#,.9" A?#MNPM %?E'($.+',.$,% 0+$E+,%$-$"-"4'#$,6%
2"%63"6$.2"--#'')?G"&-*&*$4"'&>("2'-*/$ M#P%" Q?






"%( -'.,"2)$"%,%6)"9,%6,% "E+,%$-$,(,') )';,2$2$"#%,%6$%<,#'%)$%0?
F/",$'&/0>("2'-*/$'&1#23$/&/4.SE/2*#-." PQ#R%?
i,"'" d?#MNPN% V,-.'3#-$4$"03#$-"%( ($<$2'/)$%0,% E+,%$-$GM 7#,0,%6?D% F?=?
=<$#-'% LZ?Z?T+$% #=(-?%" C#%#',23 '6/$4 &#',$#,%/0=3*$#%#'%' L/,#*4$
@'$4"'4## //?PQQ8PcP%?Z'%'2323" ZD! a"0,'%"2:'#$,6% G"%63"6$[$-'3#.$
E$%0$#?
d"%6" E?" Li,$" d?#MNPQ%?G$"#%,%6E+,%$-$,(,')-0+#'36+ ,U"(-?@'$4"'4#
@#',$*$4 S1#23$/&/4." PO #M%" PM8MQ?[$0#,$<$( 4#') +0/!YY20?)-3?$(3Y
,--3$-Y@3%$MNPQY5"%61,$?/(4
d,%" d?#MNNQ%?F$0+'(-3-$( ;5A)$#,."% -03($%0-2$"#%,%6E+,%$-$.+"#".0$#-8
#$/'#0'4"-3#<$5,0#"%-2"0$( 4#')0+$E+,%$-$0,02$-?F/",$'&/0-3#=3*$#%#
@'$4"'4#1#'23#,%5%/2*'-*/$" Q_#Q%" \W8WN?
&F9F&
